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Abstract 
The trapped field strength of HTSC stacks were measured in the temperature range T=4-80 K and dc magnetic fields up to 8 Т. A 
single 12 mm by 12 mm square samples were cut from commercial (RE)BCO tape 12 mm wide and then stacked together. The 
number of layers in the stacks was varied from n=5 to n=250. Trapped field strength was measured by means of Hall probe which 
was placed directly on the stacks surface. The dependences of remnant field strength Brem on number of layers in the stacks at 
different temperature Brem (n) as well as on temperature dependences Brem (T) at various n were obtained. It was found that Brem (n) 
dependences have a nonlinear character with a tendency to saturation for n > 60. The maximum remnant (trapped) field was found to 
be more than 2.5 Т at T=4 К. The relaxation of trapped field was studied also and it was determined that the rate of relaxation 
processes tends to decrease with the increase in a number of tapes in the stack. The correlation between dependency Brem (n) and 
dependency of magnetic levitation force measured at T=77 K at zero field cooling were found. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
It’s well known that the main application fields for Coated Conductors (based on high-temperature superconductors 
REBa2Cu3O7-x , where RE corresponds to the rare-earth element) are the development of effective high current carrying 
elements, which in turn can be used in superconducting cables, magnets, transformers, current limiter as well as in 
another devices such as superconducting permanent magnets and levitation technology. One can find examples of such 
applications in recent studies [1-5]. This paper presents new data on the measurement of the HTS stack magnetization in 
a wide range of temperatures and magnetic fields, as well as the dependence of the remnant magnetic field from the 
number of tapes in the stack. The experimental results of the measurement of magnetic levitation force for HTS stack 
are also presented. 
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2. Experimental 
HTS stacks were made from commercially available 12mm-wide CC tapes, which were cut into square pieces 
12u12 mm2. The magnetic measurements were carried out by use of a Hall sensor which was placed directly on the 
surface of the stacks (Figure 1(a)). The Hall sensor signal was recorded as a function of the external magnetic field, 
which was generated by a superconducting magnet. The difference between the value of magnetic field measured by the 
Hall sensor and the value of external magnetic field gives the value of the magnetization of the studied sample (HTS 
tapes stack). In this way the magnetization curves have been measured for different temperatures and different 
thicknesses of the stack. Examples of such curves for a stack of 10 tapes are shown in Figure 1(b). 
It was also measured the levitation force as a function of the gap between the permanent magnet and the stack of 
superconducting tapes in the zero field cooled (ZFC) mode. The minimum gap was 4 mm, where 2 mm is the cryostat 
wall thickness and an air gap and 2 mm falls to the mandrel, wherein the tapes were fixed. Stacks of tapes were cooled 
by use of liquid nitrogen. Nd-Fe-B permanent magnet had a diameter of 25 mm and thickness of 20 mm 
correspondingly. Remnant field measured on the magnet surface was in the range of 1.30-1.33 T.  
 
 
Fig. 1. (a) Scheme of the measuring inset: 1 - contact ring, 2 - groove for the heater, 3 - hole for the thermometer, 4 - groove for the Hall sensor, 5 - 
pressure plate, 6 - clamping bolt 7 - tube insert, 8 - "copper bomb" 9 - the side guides 10 - the lower part with a threaded hole .; (b) typical 
experimental curves of the stack magnetization  (B-μ0H) as a function of the external magnetic field for a stack of 20 strips at a temperature of 7, 15, 
36, 64 and 90 K. 
3. Results and discussion 
3.1. Trapped field strength 
Figure 1(b) shows the dependences of magnetization (B-μ0H) on external applied field (the magnetization curves) for 
a stack of 20 tapes. Similar dependences were obtained for the various numbers of tapes in the stack and, as a result, 
remnant magnetic field as function of number of tapes in the stack for different temperatures was found (Fig. 2(а)). 
Analysis of the data presented in the Figure 2(a) shows that remnant magnetization is non-linear function of stack 
thickness: magnetization increases significantly for small number of tapes (5-25) and saturates in the region of 100-150 
tapes. Trapped field strength of 150 tapes stack demonstrates an increase in 5% only in comparison with 100 tape stack, 
while tape consumption increased by the 50%. It means that a simple increase in the number of elements in the stack is 
ineffective to achieve a high value of trapped magnetic field. So, it is becoming commercially unprofitable to create 
large stacks of HTS tapes, because of the relatively high cost of HTS tape. The reason of saturation of Brem (n) 
dependences is, presumably, the shielding of the inner layers by the outer layers of the stack. 
3.2. Levitation force 
We have measured dependences of the magnetic force on the distance between stack and permanent magnet for the 
various thicknesses of stacks in zero-field-cooled mode. According to the experimental dependences, for each thickness 
of the stack maximum repulsive force was determined. Resulting dependence of repulsive force on the thickness of the 
stack is shown in Fig. 2b. 
a) b) 
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Fig. 2. (a) The dependences of remnant field strength on the number of layers in the stack at different temperatures; (b) The dependence of the 
maximum repulsive force on the number of layers in the stack (ZFC mode). 
The dependences of the maximum repulsive force Fmax and remnant field strength on stack thickness have a similar 
behavior. Thus, for stacks of less than 30 tapes linear increase in force is observed, and at 90-120 tapes Fmax(n) 
dependence is saturated. Such a result is typical for bulk HTS samples [6]. Figure 3(a) shows the normalized 
dependences of maximum repulsive force and magnetization on the number of tapes in the stack at temperature 
T= 77 K. It is clear from the figure that both dependences are well correlated. The difference for small number of tapes 
(from 20 to 60) may be explained by the influence of geometrical factor. In levitation experiment, for small stacks, all 
tapes are almost in the same external magnetic field. So, all tapes give similar contribution to repulsive force, and in 
turn, repulsive force is linear function of tapes number in stack [7]. For large stacks, there are distant tapes in lower 
magnetic field, which give small contribution to repulsive force. When we increase in the number of tapes in the stack 
the last added tapes give rise to smaller contribution to the  Fmax. This leads to a gradual saturation of repulsive force. As 
for magnetization, it is strongly affected by demagnetization factor of the stack, which is changing significantly even for 
small stacks.  
3.3. Relaxation of magnetic flux 
To use the stacks of tapes as the trapped field magnets it is necessary to know not only the maximum value of the 
trapped field, but also temporally stability of trapped field at various temperatures. So it is necessary to examine the 
ability of the stacks hold the magnetic flux in the absence of an external field. For this purpose, time dependence of 
trapped field was measured after the magnetization process. The measurements were carried out at a constant 
temperature for a period of time about 5-10 minutes. The relaxation processes of the magnetic field for all the samples 
can be divided into two stages: the fast relaxation and linear on a logarithmic scale relaxation (Figure 3(b)). 
 
 
Fig. 3. (a) The normalized dependences of trapped field strength and the maximum repulsive force in ZFC mode on the number of tapes in the stack; 
(b) time dependence of the magnetic induction of the stack of 40 tapes. The measurements were performed within the first 5 minutes after the ZFC 
magnetization. Dependence is normalized to the value at zero. 
a) b) 
a) b) 
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The relaxation rate S and the apparent pinning energy U were defined from the relaxation curves by using of the 
formulas: 
t
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w     and      
U
kTS   
where S - the relaxation rate, M - magnetic moment at H=0, t - time, k - Boltzmann constant, T - temperature,  
U – apparent pinning energy. 
The example of the relaxation rate graphs and the apparent pinning energy for a stack of 40 tapes is shown in Figure 
4a. As one can see from the graph, the relaxation rate increases with increasing temperature. It should also be noted that 
at temperatures above 60 K there is no increase in the apparent pinning energy, but the growth of the relaxation rate 
continues. This is valid for all thicknesses of the stacks, which may indicate a change of pinning regime at temperatures 
of about 60K as well as shielding current vs critical current ratio [8]. The relaxation rate decreases as number of tape 
increases. (fig.4b). This means that the higher stack will keep the magnetic flux for a longer time at the same 
temperature. 
 
 
Fig. 4. (a) The dependences of the relaxation rate (S), and the apparent pinning energy (U) on temperature for 40  tapes in stack.(b) The dependence 
of the apparent pinning energy on the number tapes in the stack at a constant temperature. 
4. Conclusion 
Summarizing obtained data we have come to the following conclusions: 
1. As the number of tapes in the stack increases the trapped field rises non-linearly and reaches a saturation for stacks 
of about 60-100 tapes. 
2. The dependence of the maximum repulsive force in ZFC mode on the thickness of the stack of tapes is  non-linear 
also and is in good agreement with the results the magnetization experiments 
3. There is a distinct downward trend in the rate of relaxation processes in dependence on number of tapes. 
Thus, the results presented in this report demonstrate the ability of using of HTS tapes for magnetic technologies, 
such as the trapped flux magnets and levitation applications. 
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